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We first extract the binding energy A and decay constants of the D wave heavy meson doublets 
(f ~~ , 2 _ ) and (2~ , 3" ) with QCD sum rule in the leading order of heavy quark effective theory. Then 
we study their pionic (ir, K, rj) couplings using the light cone sum rule, from which the parameter 
A can also be extracted. We then calculate the pionic decay widths of the strange/non-strange D 
wave heavy D/B mesons and discuss the possible candidates for the D wave charm-strange mesons. 
Further experimental information, such as the ratio between D a rj and DK modes, will be very useful 
to distinguish various assignments for D s j(2860, 2715). 
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INTRODUCTION 



Recently BarBar reported two new D s states, 
D s j(2860) and £) sJ (2690) in the DK channel. Their 
widths are T = 48 ± 7 ± 10 MeV and r = 112 ± 7 ± 36 
MeV respectively [l[. For Z? s j(2860) the significance of 
signal is 5<r in the D°K + channel and 2.8 a in the D + K® 
channel. Belle observed another state Dc/(2715) with 
J p = 1" in B+ D°D sJ -> D°D°K+ ||. Its width 
is T = 115 ± 20 MeV. No D*K or D s i] mode has been 
detected for all of them. 

The J p of L> sJ (2860) and D sJ (2690) can be 
+ , 1~, 2 + , 3~, ■ • ■ since they decay to two pscduscalar 
mesons. Z? s j (2860) was proposed as the first radial exci- 
tation of D s j(2317) based on a coupled channel model [H 
or an improved potential model [ij . Colangelo et al con- 
sidered -D s j(2860) as the D wave 3~ state j5(. The mass 
of D s j(2715) or D s j(2690) is consistent with the poten- 
tial model prediction of the cs radially excited 2 3 S*i state 
Based on chiral symmetry consideration, a D wave 
l - state with mass M = 2720 MeV is also predicted if 
the -D s j(2536) is taken as the P wave 1+ state 0. The 
strong decay widths for these states are discussed using 
the 3 P model in [§]. 

The heavy quark effective theory (HQET) provides a 
systematic expansion in terms of 1 jrriQ for hadrons con- 
taining a single heavy quark, where vtlq is the heavy 
quark mass [9j]. In HQET the heavy mesons can be 
grouped into doublets with definite jf since the angu- 
lar monument of light components ji is a good quan- 
tum number in the tuq — > oo limit. They are \ dou- 
blet (0~, 1~) with orbital angular monument L = 

doublet (0+,l+) and | + doublet (l+,2+) with L = 1. 
For L = 2 there are (1~,2~) and (2~,3~) doublets with 
jf = | and | respectively. The states with the same 
J p , such as the two 1~ and two 1 + states, can be dis- 
tinguished in the rriQ — > oo limit, which is one of the ad- 
vantage of working in HQET. The D wave heavy mesons 
((B* , B%), (i?2 , -S3)) were considered in the quark model 
[H| . The semileptonic decay of B meson to the D wave 
doublets was calculated using three point QCD sum rule 
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fill ] . The decay property of the heavy mesons till L = 2 
was calculated using the 3 Po model in fl2| . 

Light cone QCD sum rule (LCQSR) has proven very 
useful in extracting the hadronic form factors and cou- 
pling constants in the past decade [HI]. Unlike the tra- 
ditional SVZ sum rule [3], it was based on the twist 
expansion on the light cone. The strong couplings and 
semileptonic decay form factors of the low lying heavy 
mesons have been calculated using this method both in 
full QCD and in HQET [lj]. 

In this paper we first extract the mass parameters and 
decay constants of D wave doublets in section [H] Then 
we study the strong couplings of the D wave heavy dou- 
blets with light pseduscalar mesons tt, K and 77 in section 
IIII1 We work in the framework of LCQSR in the lead- 
ing order of HQET. We present our numerical analysis 
in section HVl In section |V] we calculate the strong decay 
widths to light hadrons and discuss the possible D wave 
charm-strange heavy meson candidates. The results are 
summarized in section |VT1 



II. TWO-POINT QCD SUM RULES 

The proper interpolating currents J^pj" 
states with the quantum number j, P, j# in HQET were 
given in (lfjj . with j the total spin of the heavy meson, 
P the parity and ji the angular momentum of light com- 
ponents. In the ttiq — ► 00 limit, the currents satisfy the 
following conditions 

M0|T(^^(x)j;5;J'(0)) \0) = S jj ,6p P ,5 jdi 



x (-1)' S gt lPl ■ ■ ■ g7 P3 I dtS(x - vt) U PJt (x) 



(1) 



where r) ai ' aj is the polarization tensor for the spin j 
state, v denotes the velocity of the heavy quark. The 
transverse metric tensor = g a P — v a v^ . S denotes 
symmetrizing the indices and subtracting the trace terms 
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separately in the sets (a\ ■ • ■ a?) and (/3i • • • fpj e is a 
constant. II is a function of x. Both of them depend 
only on P and ji . 

The interpolating currents are [lt| 
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4- a 2 = \/^T ai ' a2 '^h v {-i) 



x ( V m V m - -X> tft 7t/3 2 9 t ) <7 . 
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(4) 



rta,/3,A 



7 tQ 



J l,+ ± 



Tfai,a2 
2,+ 2 



.Jl T a ^ X '^h v ^'Dt^t,q, (5) 



3 > 4 _ i 

u i ' 2 



hv75Q , (6) 



(7) 



x ( + 7 w - ^r a2 v t ) ? , (9) 



where /i„ is the heavy quark field in HQET and 7 t M = 
Jp-v^. The definitions of T a ' ft and T"' /3 - A; ' t '"> CT are 
given in Appendix lAl 

We first study the two point sum rules for the (1~, 2~) 
and (2~,3 _ ) doublets. We consider the following corre- 
lation functions: 

i [ d 4 xe* kx (-K\T(J«_ s(x)jf_ ,)|0) = -gfTi_ 3 _{lo) , 

J ' ' 2 1 '2 ' 2 

(10) 



i J d\e^{ir\T{J^\{x)J^\)\Q) = ±(g?^ 
o 

+9t 9t — gfli St M 1 - ,§(W) 



Si ' 



(11) 



where w = 2w • fc. 
At the hadron level, 



n 



f 2 



P-ji 



2Ap J( — 



get the following sum rules from eqs. (fTOjl and (fTTj) 
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^ 6 e-/ T ^ + -i-(^G 2 )T 3 . (12) 

120 7T 



Here m 2 , (99) = (qga^G^q). Only terms of the low- 
est order in a s and operators with dimension less than 
six have been included. For the | doublet there is no 
mixing condensate due to the higher derivation. 

We use the following values for the QCD parameters: 
(99) = -(0.24 GeV) 3 , (a s GG) = 0.038 GcV 4 , m 2 = 
0.8 GeV 2 . 

Requiring that the high-order power corrections is less 
than 30% of the perturbation term without the cutoff lo c 
and the contribution of the pole term is larger than 35% 
of the continuum contribution given by the perturbation 
integral in the region w > w c , we arrive at the stability 
region of the sum rules lo c = 3.2 — 3.6 GeV, T = 0.8 — 1.0 
GeV. 

The results for A's are 



A_ 3 = 1.42 ±0.08 GeV , 

' 2 

A_ 5 = 1.38 ±0.09 GeV . 



(13) 
(14) 



The errors are due to the variation of T and the uncer- 
tainty in uj c . In Fig. [T]and[2l we show the variations of 
masses with T for different uj c . 
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FIG. 1: The variation of the mass parameter A_ 3 with the 

' 2 

threshold uj c (in unit of GeV) for the | doublet. The long- 
dashed, short dashed and solid curves correspond to oj c =3.2, 
3.4, 3.6 GeV respectively. 



At the quark-gluon level it can be calculated with the 
leading order lagrangian in HQET. Invoking quark- 
hadron duality and making the Borcl transformation, we 



The masses of D wave mesons in the quark model are 
around 2.8 GeV for D meson and 6 GeV for B meson 
[Io| . 1 /rriQ correction may be quite important for D wave 
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FIG. 2: The variation of the mass parameter A_ 5, with the 

threshold lo c (in unit of GeV) for the | doublet. The long- 
dashed, short dashed and solid curves correspond to lu c =3.2, 
3.4, 3.6 GeV respectively. 



heavy mesons, which will be investigated in a subsequent 
work. 

In the following sections we also need the values of /'s: 



/ 3 = 0.39 ± 0.03 GcV 5/2 
/_ 5 = 0.33 ± 0.04 GcV 7/2 



(15) 
(16) 



we will denote the light hadron as pion and discuss all 
three cases. The strong decay amplitudes for D wave 1~ 
and 3~ states to ground doublet (0~, 1~) are 



M{B\ 
M(Bl' 

M(B 3 
M(B 3 



> Btt) = Ie»q tfi g(Bt B) , 

> B*rr) = Iie^e ll e u *v p q t(T g(B* 1 'B*) , 

Btt) = I e al3X (q ta q t pqt\ - ^qUdta^qtx 



B*ir) 



+gta\qtp + -^gtp\qt a ))g(B z B) , 



. 1 f}\ 



g(B 3 B*) 



(17) 



where e Q ' 3A , e M , and e v are polarizations of the D wave 
3~, 1~ states and ground 1~ state respectively. 1 = 1,-^= 
for charged and neutral pion mesons respectively while 
for the K and r\ mesons it equals one. g(B\ B) etc are 
the coupling constants in HQET and are related to those 
in full QCD by 



jTHflifl) = Jrn Bl .m B g^(B{ B) 



(18) 



III. 



SUM RULES FOR DECAY AMPLITUDES 



Because of the heavy quark symmetry, the coupling 
constants in eq. (fl~7|) satisfy 



Now let us consider the strong couplings of D wave 



doublets I 



and I with light hadrons. For the light 



quark being a u (or d) quark, the D wave heavy mesons 
decay to pion, while for the light quark being a strange 
quark, it can decay cither to BK or B s g. In the following 



g{B{ B) = g{B{ B*) 
g(B*B) = g(B*B*) . 



(19) 



In order to derive the sum rules for the coupling con- 
stants we consider the correlators 



d 4 x e*>(<?)|T (j«_ ti (x)jl_ h (0)) |0) = qfl Gi(u,,u/) 
d 4 x e ik - x (-K(q)\T (j«_ ff (aOjJ^fl))) |< 
d 4 x e^(n(q)\T (jf^ (s) J^.s (0)) |0) = (tfgf - \gfq 2 t )I G^J) + gf IG% , 



(«?«f - \gf$)l G 2 (u,uj') 



(20) 
(21) 
(22) 



l x e ik -*{K(q)\T (j? t _ ti (x)j£%(0)) |0) 



7jV5t It +3t It ) - g3t Qt I 1 Wl W > W ) 



q^q^q? 2 ~ ^(g^Qt' + g^Qt 1 + ^f^S?)] I G{(w, J) , (23) 



for the jf = I doublet; 



d 4 x e*-*(*(q)\T (j« P _\(x)Jl_ i(0)) |0) = [q?q?q? - - 3t 2 (sfV + <7?V + -g?\?)]l G 5 (w,w') , (24) 
J d 4 x e^(n(q)\T (j^ f (x) jt +< , (0)) |0) = (q?q? - \gfq 2 t )I G 6 (c,c') , (25) 
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d 4 x e 



lk - x {n(q)\T (^ jf (x)jjj +jf (0)) |0) = \i(e^ v q? + e^qf)q tlJt v u I G r (u>,u/) , (26) 



l 4 x e lk - x (7T(q)\T (jJ.WJ'^tO)) |0) 



d 4 x e ik 



*(n(q)\T(j^(x)J^%(0) 



\{gt x q! + g? X q?) - \gf<$] I G%(u>, w') 
q^q x - \<&{9t<i +9?\? + \af q?)]l G{(u>,u>') , (27) 
)+T f IG f Q ( uj, UJ 
+TP 2 I Gf(u,u') , (28) 



for the jf = | doublet, where k' = k + q, uj = 2v ■ k, quark-gluon level 
uj' = 2v ■ k' . Note that the two P wave couplings between 
(2, — ,|) and (3,— , |) in eq. (|28[) are not independent 
and satisfy the relation gg 2 = —^g^ 1 . 

First let us consider the function G\{u, u') in eq. (f2"0")) . 
As a function of two variables, it has the following pole 
terms from the double dispersion relation 



Gi(w,w') = -i^U / dt due l(1 - u) ^e lu ^u 
12 Jo Jo 



/_ 1/351 



{i[u^(u)]' + ±ml[uA(u)}' + lB(u) 

+ fx n u(p p (u) + -HkVct{u)} ■ (31) 



iu 
q ■ v 



(2A_ 1 -uj'){2k_ 3-uj) 



2A 3 -i 



where fpj e denotes the decay constant defined in eq. |T]). 
A Ptje = m Pt j e - ttlq . 

We calculate the correlator l|20p on the light-cone to the 
leading order of 0(l/m,Q). The expression for G\{u),oj') 
reads 



(q-v)H 

After performing wick rotation and double Borcl trans- 
formation with the variables uj and uj' the single-pole 
terms in eq. ([29]) are eliminated and we arrive at the 
following result: 



r A_i+A_ 

= ^JttCXP 



~i I dt I dxe ikx S(x - wi)Tr (X>* - ^7*^ 



T 



u^(w)]'t 2 /i(y) 



--ml[uA(u)}' +ml[G 1 (u) + G 2 (u)} 



x(l + ^)76(7r(g)|«(0)d(x)|0>] . (29) -fxJu^fu) + -<pJu)]Tf (^) 

J 6 V T J 



(32) 



The pion (or K jrj) distribution amplitudes are defined 
as the matrix elements of nonlocal operators between the 
vacuum and pion state. Up to twist four they are [20I, l2ll] : 

(7r(g)|J(x)7 M 76«(0)|0) = -if^ [ du e^L^u) 



±mlx 2 A(u)] - "-Uml^ 



du 



1 



°B(u) , 



(ir(q)\d(x)i l5 u(0)\0) = / du e lU(lx cpp(u) , 

Jo 

— % 

(■K{q)\d(x)o^lau(0)\0) = -{q^x v - qvX^fnfa 



x / due m9 > CT (u) 
Jo 



(30) 



The expressions for the light cone wave functions ipn{u) 
etc are presented in Appendix [B] together with the rele- 
vant parameters for n, K and r\. 

Expressing eq. (|29[) with the light cone wave functions, 
we get the expression for the correlator function in the 



where u$ = T T ^ T , T = ■ ^2 ar e the Borel pa- 
ri k 

rameters, and f n (x) = 1 — e~ x tt- The factor f n is 

k=0 

used to subtract the integral J w s n e~T ds as a contribu- 
tion of the continuum. The sum rules we have obtained 
from the correlators ([20|) - ([28|) are collected in Appendix 
[Cl together with the definitions of G\ etc. 



IV. NUMERICAL RESULTS 

For t he g round states and P wave heavy mesons, we 
will use [Hill: 

A_ 1 = 0.5 GcV , /_ . = 0.25 GcV 3/2 , 

A +i i = 0.85 GeV , / +> i = 0.36 ± 0.10 GeV 1/2 , 

A + 3 = 0.95 GeV , / + 3 = 0.26 ± 0.06 GeV 5/2 . 

The mass parameters and decay constants for the D wave 
doublets have been obtained in section |TT] from the two 
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point sum rule: 

A_ 3 = 1.42 GeV , /_ 3 = 0.39 ± 0.03 GeV 5/2 , 
A 5 = 1.38 GcV , / 5 = 0.33 ± 0.04 GeV 7/2 . 

We choose to work at the symmetric point Ti = Ti = 
2T, i.e., Mo = 1/2 as traditionally done in literature [IH ]. 
The working region for T can be obtained by requiring 
that the higher twist contribution is less than 30% and 
the continuum contribution is less than 40% of the whole 
sum rule, we then get u) c = 3.2 — 3.6 GeV and the working 
region 2.0 < T < 2.5 GcV for cqs. JC2]), jC6| and fUTl) 
in Appendix [C] and 1.2 < T < 2.0 GeV for others. The 
working regions for the first three sum rules are higher 
than that for the others because there are zero points 
between 1 and 2 GeV for them and stability develops 
only for T above 2 GeV. From cq. (|3"2")l the coupling 
reads 

Si*/-, i/_ f = (0.17 ± 0.04) GeV 3 . (33) 

We use the central values for the mass parameters and 
the error is due to the variation of T and the uncertainty 
of lu c . The central value corresponds to T = 1.6 GeV and 
oj c = 3.4 GeV. There is cancelation between the twist 2 
and twist 3 contributions in the sum rule. 

For D wave heavy mesons with a strange quark, the 
couplings can be obtained by the same way. Notice that 
in the r\ case, should be replaced by — ^g/jj due to 
the quark components of r\ meson, where f v = 0.16 GeV 
is the decay constant of 77 meson. From eq. (f3"2"j) we can 
get the couplings between the ground state doublet and 
D wave doublet with a strange quark, 

fliic/_ i/_ 3 = (0.19 ±0.06) GcV 3 , 
fli,/_,i/_,a - (0.28 ± 0.06) GcV 3 . (34) 

The couplings between the | and | doublets and 
other doublets are collected in Tabic fl] We can see that 
the SU (3) / breaking effect is not very big here. 
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1 - 1+ 3+ 3+ 3- 3- 

2 2 2d 2s 2 f 2p 


7T 


0.17 0.086 0.16 0.10 0.056 0.071 


K 


0.19 0.09 0.24 0.18 0.057 0.10 


V 


0.28 0.046 0.22 0.11 0.030 0.078 


5 
2 


1- 1+ 3+ 3- 3- 5- 5- 5 - 

2 2 2 2 f 2p 2q 2 f 2 V 


7T 


0.11 0.36 0.072 0.13 0.12 0.015 0.05 0.01 


K 


0.14 0.48 0.083 0.11 0.16 0.015 0.09 0.02 


V 


0.12 0.42 0.074 0.10 0.14 0.008 0.08 0.01 



TABLE I: The pionic couplings between | and | doublets 
and other doublets. The values are the product of coupling 
constants and the decay constants of initial and final heavy 
mesons. 



With the central values of /'s, we get the absolute 
values of the coupling constants: 

g lw = (1.74 ±0.43) GcV" 1 , 
g 1K = (1.95 ±0.63) GcV" 1 , 
g ln = (2.87 ± 0.65) GeV" 1 . (35) 

For the | doublet we have 

957r = (1.33 ±0.29) GeV" 3 , 
g 5K = (1.70 ±0.42) GcV" 3 , 
g 5 r, = (1.45 ± 0.30) GcV" 3 . (36) 

We do not include the uncertainties due to /'s here. 

We can also extract the mass parameter from the 
strong coupling formulas obtained in the last section. By 
putting the exponential factor on the left side of eq. (|C6[) 
and differentiating it, one obtains 

A _ T 2 d[<p*(uo)Tf (^) - lmlA(u Q )±]/dT 

~ 5 2 [ (/ 9 w (u )T/o(^) - \mlA{u Q )^ - i/^yvf/uo)] ' 

(37) 

With uj c = 3.2-3.6 and the working region 2.0 < T < 2.5 
GeV, we get 

A : _ 1 = 1.36 — 1.56 GeV , (38) 

which is consistent with the value obtained by two point 
sum rule. We present the variation of mass with T and 
lo c in Fig. [3j 
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FIG. 3: The variation of the mass parameter A_ 3 with 

' 2 

the threshold lo c (in unit of GeV) for the | doublet from 
LCQSR. The long-dashed, short dashed and solid curves cor- 
respond to lj c =3.2, 3.4, 3.6 GeV respectively. 



V. STRONG DECAY WIDTHS FOR D WAVE 
HEAVY MESONS 

Having calculated the coupling constants, one can ob- 
tain the pionic decay widths of D wave heavy mesons. 
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The widths for D wave states decaying to ,1 , 1 + 
states are 



Y{B* 

r(s 3 



B*°tt-) 



1 Mb 2| |3 



B: 



1 Mb- 2 i 13 



12tt M h ./ 



1 M B . 2, ,3 
367r M^" 51 < 

1 M B 2, |7 
1 M 



B*°TT-] 
B°7T-) 
B*°TT-) = 



105tt M B , 



b ' 9 1\pi\ 7 



(39) 



where |pi| is the moment of final state it. Note that 
9(B* 2 B*) = Jl g(B{ B*) = Jl 9l . 



A. Nonstrange case 

We take 2.8 GeV and 6.2 GeV for the masses of D wave 
charmed and bottomed mesons respectively. Mq = 1.87 
GeV, M D , = 2.01 GeV, M Dl = 2.42 GeV, M B = 5.28 
GeV, M B - = 5.33 GeV El and M Bl = 5.75 GeV from 
quark model prediction [lOj . After summing over the 
charged and neutral modes, we get the results listed in 
Table EH 





Dtv D*it D\ty 




D*7T 


Dt -» 


9-27 13-39 0.2 


m -» 


5-13 




Bit B*tt Bitt 






B{ -» 


16-46 27-79 0.3 


S 2 * -> 


9-27 



TABLE II: The decay widths (in unit MeV) of the charmed 
and bottomed D wave (1~, 2~) to ground doublets and 7r. 



B. Strange case 

We use M Ds = 1.97 GeV, Mn, = 2.11 GeV, M Ba = 
5.37 GeV, M B . = 5.41 GeV [3]! Then for the charm- 
strange sector we have Table ITTTl We do not consider the 
DK* mode and three-body modes in the present work. 

For the 2~, 3~ states with j# = |, we find that the 
widths are quite small and the branching fraction is per- 
haps more useful. In the charm-strange sector the ratio 
of widths (central values) for DK, D*K, D s r\ and D*rj 
modes is 1 : 0.4 : 0.1 : 0.02. 





DK D*K DsT) D* s r\ 




8-28 10-48 8-22 8-20 


D* s2 


4-16 3-7 




BK B*K B a r) B* s r) 


i 

B sl — » 


12-52 18-84 11-27 16-42 


B*s2 —* 


6-28 6-14 



TABLE III: The decay widths (in unit MeV) of the charm- 
strange and bottom-strange D wave (1~,2~) to ground dou- 
blets and A/77. 



VI. CONCLUSION 



In this work we extract the mass and decay constants 
using the traditional two point sum rule and calculate the 
strong couplings of D wave heavy meson doublets with 
light hadrons 7r, K and 77 using LCQSR in the leading 
order of HQET. We also extract the mass parameter from 
LCQSR for the coupling within the same D wave doublet. 
The extracted mass parameters from two approaches are 
consistent with each other. We then calculate the widths 
of D wave heavy mesons decaying to light hadrons. 

We have not considered the l/niQ correction and ra- 
diative corrections. Heavy quark expansion works well 
for B mesons where the 1 /nib correction is under control 
and not so large. However, the l/m c correction is not 
so small for the charmed mesons. It will be desirable to 
consider both the 1/mg and radiative corrections in the 
future investigation. 

According to our present calculation, the ratios such 
as p| £) S 'j(286oj^ are use f u l in distinguishing various 
interpretations of Z? s j (2860) and D s j(2715). Treating 
,D s j(2860) as a D wave 1~ state, we find the above ratio 
is 0.4 — 2.2. If it is the radial excitation of D*, this ratio 
is 0.09 0. 

The pionic widths of D wave states are not very large. 
With a mass of 2.86 GeV, the partial decay width of the 
1~ D wave D s state into DK and Dr\ modes is 34 — 118 
MeV. With a mass of 2.715 GeV its pionic width is 15-57 
MeV. Note that DK* modes may be equally important. 
So detection of other decay channels, such as D s r/ and 
D*K modes, will be very helpful in the classification of 
these new states. 
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APPENDIX A 

The T Q,/3; W and T a -P^ ^ v - a are defined as 



1 



a/3 llu 

gSt Si 



jna,/3,A; ^,iy,cr _ ~((f L i 1 g( iv g K ' 7 + g ail g^ a g x ^ + g aL ' g^^g^" 



+ .9° + 9 aa 9^9 Xv + 9 ac r 9 01 V M ) 

The tensor structures for G wave, F wave and two P wave 
decays in eq. ([28]) for the coupling between the two § 
state are 

T 3 =T^^^^T a ^ a ^q lll q lJl q ai q ai qp 1 , 



Tt = U 
3 I 



, ^ a/3 u\ 



9i 



j>pi _ 1 
6 
1 

3 



APPENDIX B 

The distribution amplitudes ip v etc can be parameter- 
ized as 13, m 



1 27 
6u(l -«){!+ ( 5t? 3 - 2^3W 3 



20 P " 



^ 2 « 2 ) ^> a (0 



6uu 



16 



l + ya 2 + 60 % + y % ]c 2 1/2 (C) 
9 



T^a 2 - 6773W3 Cl /2 (C) . 



"27 7?3W3 ~27 ??4 



7 
J? 
4 

135 



15 35 
10 



a 2 + 20?/ 3 + —T]^ 



1 1 

15 + 16 



c 3/2 (0 + 



n 

210 



"2 



c 4 3/2 (C)j + (- ^2 + 21^4) 

2u 3 (10- 15u + 6u 2 )lnu + 2u 3 (10- 15u 
+6u 2 ) In u + uu(2 + 13tm) I , (Bl) 



where 11 = 1 — u, C = 2u — 1. Cf^ (£) are Gegenbauer 
polynomials. Here g^(u) = B(u) + (Pt T (u). a^' v = 0,a^ = 



0.06, a 



0.25, 7/3'^ = 0.015, 7$ = 0.013, 



-3, < = 10, r?f = 0.6, r?2 = 0.5, = 0.2. p 2 



etc give the mass corrections and are defined as p\ = 
- 2 - m * - - 0.125 GeV. fj,„ = 



^-(1 - ^ ^ = _ ^ A = 

f K = 0.16 GeV, f v = 0.156 GeV. All of them are scaled 
at n = 1 GeV. 



6uu 



l + axC 3/2 (C)+a 2 C 2 3/2 (C) 



</> p (it) = 1 + 
27 



30??3 - 



81 



"20^ "lO^ 02 



c 2 1/2 (C) + 
Q 1/2 (C) , 



3773W3 



APPENDIX C 

In this appendix we collect the sum rules we have ob- 
tained for the strong couplings of D wave heavy doublets 
with light hadrons. 



A_ 1 + A 3 



T 



[^( u )]'T 2 /ifS') - £ro£M(u)]' +m^[G 1 ( U ) + G 2 (u)] 



T / 8 



^p(u) + -<p a {u) t /o(y) 



(CI) 



A , 1 + A_ 3 

"f ?2 "2 



(C2) 



9 3 /+,*/- 2 = g/^exp 



A , 3 + A_ 3 

~T) 9 ) 9 



T 



[(u(l-u)VJ T («)] T 2 / : 



^)- \ml[(u(l-u)A(u)}' 



+2m 2 [G 3 (u) + Gi{u) + 2G 5 (u)] + 2^[u(l - u)<p p {u) + ^ a (u)]Tf (^ 



(C3) 
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!l'J-.'J .: 



1 

48 



/^exp 



A , 3 + A_ 3 



T 



[(u(l - u)^ OT («)]'"r 4 / 3 ) + 2/^ (u(l - U)tp p (u) 



-g^<r(«) 



T 3 f 2 {^)-ml 4(«(1 - uK(u)) + 7 («(l-u)A(u)) 



- 2(1 - 2«)B(«) - 2(tt(l - u)B(«))' - 4G 6 («)] T 2 /i ( y ) 



(C4) 



A_ 3 + A_ 
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4^(u)T/ (^) - |^[(i - ^W]'r 2 Ag 
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A_ 3 + A_ 
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55/- i/_ 
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r/Vexp 



A_ 3 + A 
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/ T exp 



A, 1 + A 
T ' 2 

T 



[ m V.(«)]t 2 /i(^)-^^K^)]' 
1 



-m 2 [GV(u) + 2G 8 (u) + 2G 5 (tt)] + 2^u[mp p (u) + -^ ct ( u )]t/ (^ 



(C8) 



vlO 

37/ + ,#/_,s = — — jVexp 



A + _3 + A_ 



T 



+ (u a (l-u)?v(u)) 



T 



i[« a (i-«K(«)]Vya(f)-^ 
7 

?i 2 (l — u)(p v (u) + —uA(u) 
8 



2 ' 
7(u(l - -u)p ff (u)J 



+ ^( U 2 (1 - u)A(u))"]t/ (^) + ^m 2 ^ 2 (l - u)<p a (u) 



(C9) 
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10, r A_3+A_ 

Jtt CXp 



18 
1 



T 



-[v?(l-u)<p„(uj\ T^hi^f) + (u 2 {\- u)tp p {u)) 



+ i(„(l-|uK(«)) ]^ 3 / 2 (^) 



1 2 



(u 2 (l - u)p„.(u)) 

1 



27 
40 



lA{u)) 



1 "' 3 

+ ^(« 2 (1 - u)A{u)) - -«(1 - 2«)5(u) - ^(l - - G 9 («) 



+ .gG 2 (u) 



m 2 ^ 



(1 - u)<pp(u) + -(l - T /o(y) 



(CIO) 



/ p , v 10 

#/_,§/_,« = — jVexp 



15 



Al _ 3 + An _ 5 

j 2 ^> > 2 



T 



-I[^ ( i_ wK(u) ]V/i(^ 



-m 2 [ U 2 (l- U )A(u)] 



-ml[G w (u) - 2G n (u) + 2G l2 (u) - 6G 13 (u)] 
-fj,„u(l-u) uip p (u) + j2<P<r(u) t /o(^t) 



(Cll) 
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„3 f2 
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15, r A_5+A_ 
Jxexp 
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/^exp 



r A_ 5 + A_ 



T 



j[ u 2 (i- u )VM]"r 3 / 2 (^) + ^[(u 2 (i-«)VM)" , 



--(u(l~u) 2 ip a (u)) 



u 2 (l - u) 2 ip^(u) - -u(3 + 7u)A(u) 



-3(Gi («) + 2Gu(u) + 2G u (u) - 6G 13 (u))]t/ (^) - im^u a (l - u)V(«) 



(C13) 
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/^exp 



45 
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T 



—H^[u 2 {\ -u)ip a (u)] T 4 /s(y 



\(u(l - 2u)v4(w))" + u{2 - 3u)B{u) + (u 2 {l - u)B(u)) 



+2G 9 (u) - 6G 2 H]T 3 / 2 (^) - \ml^[u 2 (l - u)V(«)]>/i(^) 

The G"s are defined as integrals of light cone wave function B{u) 

Gi(w)= / tB(t)dt, G 2 (u)= / da; / B(t)dt , 
Jo Jo Jo 



G 3 (u 
G 5 (w 
G 7 (w 
G 9 (w 



t(l - t)B(t)dt, G 4 (u) = / dx (1 - 2t)B(t)dt , 

Jo Jo 

dx dy B(t)dt , G 6 (u) = / B(t)dt , 
Jo Jo Jo 



f-U f-U PX 

I t 2 B(t)dt , G a (u) = dx t.B(t)dt , 
Jo Jo Jo 

I'll f-U 

\ (1 - 3t)B(t)dt , G 10 (u)= t 2 (l-t)B(t)dt , 
Jo Jo 

pu pX o pu px py 

Gn(u)= dx i(l - -t)B(t)dt , G 12 (u) = dx dy (l-3t)B(t)dt 
Jo Jo 2 J Jq Jq 

pU p X ry j-Z 

I dx dy dz B{t)dt . 
o Jo Jo Jo 



G 13 (u) = 



(C14) 
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